Abstract. While there is a general agreement on the need for tools, which guide the evolution of complex organizational systems, and while there already exists a wealth of tools and approaches for the measurement and management of complexity, it seems that in practice these approaches often fail to achieve the desired impact during transformation processes. Based on focus group data and based on related literature, we analyze the factors that hinder current complexity management systems from guiding enterprise transformations and contribute a set of design principles, which address these factors. In particular, it is important to be aware of the context, to use a consistent ontology, to pay attention to visualization and to raise awareness and support.
Introduction
Large enterprises need to continuously undergo transformation in order to adapt to varying external conditions. For large enterprises transformations comprise a series of local changes within the organization in order to cope with new and evolving requirements [1, 2] . While these local adaptations manage to temporarily fulfill the requirements, a series of such changes across different parts of the organization leads to unplanned and suboptimal states of the entire organization as a whole [3] . Inconsistencies, unnecessary redundancies or dependencies are introduced, which are typical drivers of complexity. This complexity in turn prevents people from recognizing a not only locally but globally optimal way to adapt and hinders efficient operation in the resulting state. Thus, there is a sustained practical [4] [5] [6] and academic [7] [8] [9] interest in complexity management and the development of underlying complexity measurement systems, which assist businesses in guiding transformations in a way that avoids unnecessary complexity.
There are multiple and diverse understandings of complexity [10] [11] [12] [13] and the criteria for recognizing and measuring it vary both in terms of perspective and context [14] [15] [16] . Therefore, guidance on a higher level is required in order to coordinate developments within large enterprises with regard to complexity, so that inconsistencies and unnecessary redundancies are avoided or removed [17] [18] [19] [20] . Resulting complexity
Conceptual Foundations and Target Artifact
In this paper we focus on the impact of complexity measurement on enterprise transformations. Measurement is not a goal in itself though, so in order to evaluate the effect it needs to be integrated in complexity management and organizational/structural decision processes that aim at sustaining a business's ability to act efficiently, by transforming it in response to new requirements. This also makes sense from the other perspective: Complexity management methods rely on measurement systems in order to assess the current situation and in order to evaluate the success of current transformations [21] .
In the context of this research, i.e. in dealing with large enterprises, complexity is in essence a human problem, meaning the inability of a person to make decisions and to take corresponding actions that guide the enterprise as a whole towards a globally optimal state due to too much or too complex information [15, 26] . While this interpretation differs distinctly from some descriptive and rather technical definitions On the Role of Complexity for Guiding Enterprise Transformations 3 (e.g. space or running-time complexity), it extends to the usual complexity measures for organizational and IS structures [16] in a natural way: An organizational entity, or a model thereof, with, for example, more components and relations among them, is often harder to analyze and understand, so that it will in turn be more difficult for a decision-maker to make the appropriate changes and to transform the overall system in an efficient and effective way. A typical example is the recognition and removal of unnecessary redundancies: It is hard from a local perspective to identify whether a given object is redundant or what the effects of its removal on the entire organization would be.
The reason for taking this perspective on complexity is that the target artifact of this research is not a precise definition of complexity, but an explanation of why the currently employed tools and methods often fail to achieve the desired impact during enterprise transformations and how this can be addressed.
Complexity measurement and management are generally employed to make businesses more agile, efficient, or robust, and to this end there exist very elaborate frameworks which support these goals in different environments or on different levels of the organizational hierarchy [21] . The design and implementation of these measurement and structural models are dependent on the context, defined by (1) the objects to be evaluated (e.g. IS complexity, organizational complexity, task complexity or product complexity) (2) the targeted users (e.g. IT managers, product designers, department heads, steering committees or enterprise architects) (3) the goals of complexity management (e.g. agility, efficiency or robustness) (4) environmental factors (e.g. industry factors, technological advances or market factors). A good overview of common approaches to complexity measurement of different organizational entities is given in [16] . Even within a given category of objects, the differences in the operationalization of the measures are evident ( [16] , pp.49-51). Additionally, a number of researchers are using ideas and analogies from cybernetics and complexity theory for analyzing complex systems in businesses, and although these approaches are not without criticism (cf. [27] ), they introduce another set of very different ideas and approaches [8-10, 28, 29] . It is an important but difficult task to combine these approaches in a structured way to coherent ontological models [30] .
Similar concepts exist for the management of complex projects, which aim at providing structured approaches for dealing with complexity or at reducing unnecessary complexity [18] [19] [20] . Recognizing and analyzing the given internal and environmental complexity is a prerequisite for the effective application of these techniques.
Different goals, design approaches, scopes and external factors lead to this diverse set of tools and methods. Therefore it does not seem appropriate to develop a "one-sizefits-all" solution for dealing with complexity [31] . Instead, multiple approaches can coexist within one organization, for example in order to deal with differences from  necessary or external versus unnecessary or internal complexity  "difficult", "complex" and "chaotic" systems [32]  innovative and stable environments [33, 34] .
These approaches, however, still need to be implemented, executed, supported and communicated in a coherent way in order to achieve maximum impact. We therefore propose a set of design principles, which serve as a guideline for these processes.
Analysis of the Problems of Complexity Measurement Tools
An analysis of the gap between the status quo of complexity measurement and management systems, and their perceived impact lends itself to a design and evaluation process involving focus groups: Experts from different organizations need to be involved in order to avoid the target artifact being only applicable in a specific case, but the nature of the research question calls for a deeper understanding and discussion [35, 36] . Hevner and Chatterjee ( [35] , pp.123-124) point out, that a design science research approach involving focus groups  allows "the researcher to clarify any questions about the design artifact as well as probing the respondents on certain key design issues",  allows "deeper understandings, not only on the respondents' reaction and use of the artifact but also on other issues that may be present in a business environment that would impact the design" and  allows "the emergence of ideas or opinions that are not usually uncovered in individual interviews", all of which are important requirements for this research.
A series of three two-day workshops was held during June 2014 and February 2015 involving 16, 13 and 13 enterprise architects and high-level IT managers from ten different companies, respectively. The companies were mostly operating in banking and insurance, but also in logistics and utilities. According to the Global Brand Simplicity Index, the insurance industry is by far the most complex industry, with utilities and banking not too far behind ( [37] , p.16). The size of the focus group allowed for an analysis of different ideas and viewpoints, while still being small enough for an in-depth discussion of more complicated questions. While the first two workshops were of an exploratory nature, with a focus on identifying, analyzing and grouping complexity factors, the final workshop had a confirmatory focus on evaluating potential solutions.
We identified a set of seven factors, which hinder the effective usage of complexity measurement and management systems. For every such factor we now explain the reasoning behind it before stating it together with a description, an example and any practical implications.
As complexity arises not as a local phenomenon that is easy to understand and explain, but instead results from the interactions that occur in larger systems, the attempts at making it tangible and manageable often exhibit the same complexity: The assessment process is difficult, involves diverse inputs and the resulting evaluations are hard to understand, interpret and communicate [14] [15] [16] . This in turn prevents people from using such tools during decision processes. Organizations provide various perspectives on complexity (e.g. IT, strategy, organizational) with different, complicated models that comprise aggregated and calculated measures, which are hard to explain and comprehend. Implication A large effort is required in order to understand and use the measurement system. The system is only accessible for a small group of users. Most people are not able to support their actions with it or even avoid using the system altogether. There is only a very general agreement on the concept of complexity, which varies among people with different backgrounds [10] [11] [12] [13] . When building measurement and management systems this lack of a common understanding leads to different interpretations of the same terminology. This in turn makes the design process more difficult and later on makes it hard to communicate justifications based on the resulting systems. Often classification leads to problems: To which area or category does a given object or measure belong? Another example is that the precise understanding of typical goals of complexity management, such as agility or flexibility, often varies. Implication
Decisions based on the obtained assessments are hard to communicate and its usefulness for the evaluation of potential actions will be limited. Since complexity is an emergent property with interrelated causes, it is often hard or even impossible to find a definite indicator of complexity, which in all cases is apt for the given intent [10, 29] . Thus there exist very different measures, but their applicability depends both on the context and the specific goals [16] . In practice though, existing measures are often applied without considering their aptitude. The measurement systems cannot be developed and operated as originally planned and defined. As mentioned in Section 2, differences in the observed systems and the resulting properties as well as differences in the pursued goals lead to very diverse approaches to measurement and management [14] [15] [16] . This is a problem if the resulting tools are structured and presented in an inconsistent fashion, thus making it hard to compare and act upon the obtained results. It is hard to communicate results and compare different options and systems. Not being easily tangible and inherently hard to measure, systematic approaches for dealing with and evaluating complexity are often seen as unnecessary overhead or unwelcome monitoring. Furthermore, as these approaches span large parts of an organization, it is often unclear who is responsible for the continuous operation and development and for obtaining the required measures. This lack of support and responsibilities also leads to a very limited visibility of existing assessments and reports. People are unwilling to support the operation and development of complexity measurement systems or are unaware of existing reports. They doubt the general benefit or are afraid of potential changes and implications. Example
As complexity measurement systems initially introduce an additional effort for their construction and operation, people are unwilling to support these systems. Often there is a general resistance against a systematic collection of complexity indicators, which are used to monitor organizational or even individual performance. Implication
Increased resistance against development and adaptation of the complexity measurement systems, along with little usage. An overall evaluation of the complexity of a system under scrutiny can be hard to explain, i.e. it is unclear which factors lead to the assessment and why one system is or is not considered complex. This makes it difficult to derive and evaluate key actions to be taken in order to improve system behavior [30] . It is not possible to derive actions, which might improve system behavior and efficiency. The seven presented factors are not independent: While most of them positively reinforce each other (e.g. the complexity of the measurement system may result in inconsistent and unclear terminology, and vice versa, unclear terminology makes the measurement system appear more complex) or are unrelated, there are two factors, (1) and (3), which might lead to conflicts: Measurement systems are complex, partly because the underlying measures need to fit to very different objects. Thus a clear method for aggregating different measures into simple results is needed, which reduces the perceived complexity of the measurement system. This is reflected in principle (B), calling for a consistent ontology in the development process.
Principles for the Design of Complexity Measurement Systems
We now present a set of four principles for the design of complexity measurement systems, which address the factors presented in the previous section. For this, we follow the meta-model of Aier et al. [38] . Even though the context is different-Aier et al. describe a meta-model for principles for enterprise architecture development-the resulting artifact matches our requirements: We want to provide "the principles guiding [the] design and evolution" [39] of complexity measurement systems. Furthermore, the underlying theory is well developed.
The principles are presented according to the following structure:
The statement (what is the goal?) itself is provided, along with the rationale (why should it be done?) behind it. Additionally, we describe measures (how the fulfillment of the principle is measured?) for the successful implementation of the principle and its implications (how can the goal be achieved?), i.e. general actions that follow from the principle. Company and scenario specific key actions (how can it be implemented in a specific case?) are not described, as these vary for each application of the principle [40] .
The principles were developed by first analyzing potential solutions to the factors, i.e. what can be done or should have been done to avoid this, and then grouping and aggregating these solutions. This led to four core principles, which should guide the design and adaptation of complexity measurement and management systems:
A. Context-aware design process B. Consistent ontology C. Visualization D. Awareness and support This process allows for an easy mapping of the principles to the problem factors, which they attempt to address: 
Following Venable et al. [41] , we  perform an early formative evaluation of these principles  develop an artifact, which shall be useful for a heterogeneous group of stakeholders  analyze socio-technical systems  do not require strong rigor for our evaluation, as we do not develop a definite system or process, but rather provide guidance for its design [38, 39] . Thus, we select the recommended ex-ante, naturalistic approach to the evaluation of these principles by involving our focus group early during the design phase by paying attention to the applicability for real users and real systems [41] . Different approaches to the measurement of complexity within the participant's organizations were discussed with regard to partially solving the problem factors from the previous section. The proposed principles are therefore a result of an analysis of existing systems and an aggregation of proposed solutions to the problem factors. Said and King ( [42] , tables 8 & 9) identify the following factors as being most important for the usage of an IT system (such as the usage of a complexity measurement system supporting complexity management): Exogenous factors 1.) Compatibility: Fit of the system to the task performed. 2.) System rating: Perception of the overall characteristics of the system. 3.) Training: Extent of a user's knowledge and expertise with a system. Endogenous factors 4.) Attitudes: How users feel towards the system. 5.) Relative advantage: Degree to which the system is more advantageous to other alternatives. 6.) Ease of use: Perceived usability of the system. System rating is included in [42] as a general assessment of the quality of an IT-system and therefore not applicable in our case-a resulting principle would just be "build better systems". Relative advantage is also not applicable in the originally proposed sense: As there is usually only one complexity measurement system spanning the entire organization, no viable alternative systems exist. Principle (D) addresses this factor in some sense by explaining the benefits of using a complexity measurement system versus simply relying on intuition. The remaining factors map to the proposed principles: Compatibility is addressed by using a context-aware design process (Principle A) and by using a consistent ontology (Principle B) that explains the relation between the measures and the goals. Attitude is addressed by principle (D). Ease of use is addressed by the visualization principle (C), requiring a simple and easy to understand presentation. We are therefore confident that the proposed principles cover the most important approaches.
The first principle (A) addresses the fact that the targeted entities in an organization differ widely and, related to this, that the target states vary [43] . One needs to be aware of these differences during the design process in order to choose the right approach and tool for the given scenario and intent. This in turn increases the effectiveness of the resulting complexity management system, by ensuring that the measures are related to the goals (3) and are applicable in the specific context (4). It further makes it easier to explain why the measures are relevant (6), as they were chosen with the specific context in mind. The design and adaptation of complexity measurement systems needs to be aware of the specific context (goals, measured objects, target users). Rationale
Depending on the context, certain types of complexity drivers are good or bad, or relevant or irrelevant and not every measure is applicable to every object and system. The design of the measurement system needs to adhere to these external limitations and requirements. Implication
When designing a complexity measurement system, take the following into account:  The specific goals of complexity management for the evaluated objects  The targeted users  The type of objects under scrutiny  The available data Measure Indicators for the fulfillment of this principle give information about the fit of the measurement system on a local level:  Agreement of domain experts on the relevancy of the operationalized measures  Perceived relation between measures and goals  Average age of available data Principle (B) is concerned with the establishment of a consistent ontology, explaining and naming all involved objects, properties and their relations. Complexity in businesses is an issue, which is inherently hard to define and different people with different backgrounds will have a different understanding of what this means in detail. Furthermore, the relation between the targeted goals and the supporting systems is often unclear, inhibiting their usage during transformation: Pombinho criticizes, that "most methods used up to now to manage this complexity are not based on a transversal, coherent and concise conceptual model" [30] . Explaining the relevant objects and relations helps to resolve misunderstandings due to terminology (2) and thus make the resulting complexity management system easier to understand (1) . Additionally, knowledge about the relations within the measurement system helps to interpret and explain complexity assessments on a more detailed level (7) and assist in recognizing and resolving inconsistencies (5), both of a technical and terminological nature. 2. The relations that lead to a complexity assessment need to be explained, in order to allow for actionable advice. These difficulties need to be overcome in order to allow people to work effectively with the complexity assessments and integrate them into transformation processes. Implication  Give a clear definition of relevant objects.  Describe relations between objects/measures.  Describe how the measures are related to the goals and to overall complexity assessments.  Identify and resolve potential conflicts.  Identify which measures are relevant in a given context. Measure  Defined terms  Are aggregated and calculated measures explained?  Are the measures mapped to the goals? Principle (C) states that important results should be visualized in an aggregated, consistent and easy to understand way. While it should still be possible for experts to analyze the details of this aggregate result, a simple, graphical representation, which highlights important information, is essential. This not only hides the inherent complexity of the measurement system itself (1) and thus makes it more accessible for users (6) , it also makes it easier to follow a consistent terminology (2) and presentation (5) and to explain and compare results (7). addresses common issues with acceptance and usage, which result from people not being aware of existing systems and methodological capabilities or from a lack of clear responsibilities for driving the development and usage of complexity measurement systems. Thus, Principle (D) requires a clear plan the definition of responsibilities and for raising awareness, both for the necessity and benefits of the measurement and for potential applications of resulting assessments. This insures that irrelevant or misleading measures are detected early and can be corrected (3) along with terminological issues (2). Furthermore, it will be easier to gather support and cooperation (6) , and makes it easier to obtain required measures (4). 
Discussion and Outlook
As the development of the principles stems from real-world problems of practitioners, we are confident that these provide a useful guidance for the design of complexity measurement and management systems. The underlying problems do not come from a lack of interest or resources -all companies involved in the focus group employ sophisticated complexity management and reduction programs. The issue lies with actually generating an impact from there: The effect of these systems relies on them being used and supported by people in an organization. Thus the underlying questions are: How can an understanding of complexity be introduced into a company, so that complexity assessments are used both intuitively and systematically support transformations? How can we guide this series of small, local changes so that it converges to an efficient global state of the business [44] ? The proposed principles provide a first point for further discussion in this direction, by giving guidance on the development and adaptation of complexity management systems. Additionally, there are approaches to develop complexity management techniques based on insights from complexity theory, which not necessarily try to reduce complexity, but to manage it in an adequate fashion corresponding to the underlying system complexity [28] . The general problem though is likely not solved by the design and usage of a complexity management system alone, but also has strategic roots [45, 46] as well as connections to corporate culture and leadership [47, 48] . Additionally, while still requiring adequate support from complexity measurement systems, applying insights from complexity theory to management methods also might help to solve the problem of dealing with complexity [28] . This is outside of the scope of this paper, but presents an interesting area for future, related research.
The presented principles also would benefit from further, more detailed practical evaluation: As the focus groups consisted of enterprise architects and high-level ITmanagers of large companies in different industries, which need to report and justify their investments in complexity management and supporting systems, we believe that the issues of general complexity measurement systems are addressed quite well. Nevertheless, complexity in the context of, for example, company strategy or product design is quite different to IS complexity or organizational complexity and it needs to be analyzed to which extend the principles apply to the former areas [11, 16] .
